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I. INTRODUCTION 
Research work of t he  past  q u a r t e r  involved: 
Inves t iga t ion  into the  e f f e c t s  of incubation 
temperatures and s a l t  concentrat ions on the  
growth response o f  Staphylococcus aureus i n  a 
simulated Martian environment e 
I s o l a t i o n  of s a l t  t o l e r a n t  b a c t e r i a  f rom 
s o i l s ,  including samples obtained f r o m  
d e s e r t  and tundra r eg ions ,  
Preliminary operat ional  t r i a l s  wi th  a r o t a t i n g  
chamber designed t o  study e f f e c t s  of environ- 
mental  conditions such a s  moisture ,  temperature,  
and u l t r a v i o l e t  i r r a d i a t i o n  on t h e  su rv iva l  of 
microorganisms airborne i n  dus t  clouds t h a t  
could act  as a t ransfer  mechanism on a p l ane t  
l i k e  Mars,, 
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- S o aureus grew i n  a simulated Martian environment (67% carbon 
dioxide,  30% ni t rogen ,  and 3% argon a t  15 mb) wi th  a cons tan t  
35°C and a d a i l y  freeze-thaw (16 h r  a t  -65°C and 8 hr  a t  30°C) 
incubat ion temperatures,  Growth d i d  n o t  occur wi th  e i t h e r  a 
cons tan t  6°C or  a freeze-thaw cyc le  of 16 h r  a t  -65°C and 8 h r  
a t  6OC. 
2% sodium ch lo r ide  was added t o  t h e  s o i l ,  The a v a i l a b l e  moisture  
(a,) o f  t h e  environment wi th  2% s a l t  w a s  i n  t he  0,81 t o  0.85 
Growth did n o t  occur  a t  any incubat ion temperature when 
range e 
S a l t  t o l e r a n t  b a c t e r i a  were i s o l a t e d  from a v a r i e t y  of s o i l s  
t h a t  included d e s e r t ,  p r a i r i e ,  tree, and tundra s o i l s .  The i n i -  
t i a l  screening w a s  conducted w i t h  a n u t r i e n t  agar containing 
7.5% sodium ch lo r ide .  Organisms recovered on t h i s  s a l t  agar are 
being f u r t h e r  examined f o r  t h e i r  a b i l i t y  t o  grow a t  Oo96, Oo90, 
and 0.86 aw0 
A p r a i r i e - t y p e  s o i l ,  inoculated wi th  vege ta t ive  c e l l s  o f  
Bac i l l u s  cereus,  i s  being used i n  the  i n i t i a l  experiments wi th  
the  r o t a t i n g  chamber, The chamber, capable o f  producing d u s t  
clouds of  s o i l ,  w i l l  be used  t o  study c e r t a i n  aspec ts  of  t r ans -  
fer  phenomena 0f microorganisms on t h e  Martian su r face ,  Daily 
freeze-thaw temperatures,  microbial  genera,  moisture,  s o i l  types 
and u l t r a v i o l e t  i r r a d i a t i o n  a r e  some of  t he  experimental  con- 
d i t i o n s  t h a t  w i l l  be inves t iga ted .  
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11. EXPERIMENTAL CONDITIONS 
The following environmental condi t ions w e r e  used i n  the  E X -  
periments t h a t  s tud ied  the e f f e c t s  of incubation temperatures 
and s a l t  concentrat ions on the growth response of S,  aureus: 
s_ 
Atmospheric pressure:  15 mb 
Gaseous composition: 67% carbon dioxide,  30% 
ni t rogen ,  and 3% argon 
Incubation temperature: d a i l y  16-hr f r eeze  a t  
-65°C and 8-hr thaw a t  3 0 ° C ;  d a i l y  16-hr freeze 
a t  -65°C and 8-hr thaw a t  6 ° C ;  cons tan t  35°C; 
and cons tan t  6 ° C "  
Moisture concentration ( aw) : 
S a l t  concentration: 2% (w/w) o f  sodium ch lo r ide  
S o i l  pH: 6.8 
S o i l  type: a mixture of  equal p a r t s  of pulverized 
f e l s i t e  and l imonite wi th  1% (w/w> dehydraked AC 
medium (Difco) added, 
0 99 and 0 85 
Preparat ion o f  stock cu l tu re s  w e r e  previously described i n  
Report  No 11TRI-L6023-5a Stock c u l t u r e s  were s t o r e d  a t  LkcC 
u n t i l  used. 
descr ibed i n  Report NoL IITRI-L6023-9, B a c t e r i a l  counts are  re -  
ported as the  averaged counts o f  two p l a t e s  from each of three 
cubes,  Incubation was a t  37°C f o r  24 or  48 hr ,  
The prepara t ion  and inocula t ion  of t e s t  tubes w e r e  
To ta l  and spore counts w e r e  performed on the  d i f f e r e n t  s r t l s  
f o r  t he  i s o l a t i o n  of  s a l t  t o l e r a n t  b a c t e r i a ,  
was t r y p t i c a s e  soy agar (BBL) wi th  7.5% (w/w) sodium c h l o r i d e  
The reeevery medium 
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added. 
s o i l  suspensions a t  60°C f o r  20 m i n  i n  a water ba th ,  
Spore counts w e r e  done by hea t ing  the  d i l u t i o n s  o f  t he  
Aw so lu t ions  of 0.96, 0.90, and 0.86 w e r e  prepared wi th  try- 
p t i c a s e  soy bro th  (BBL) by the method of Sco t t  (Aus t r a l a  J ,  B i s l ,  
S c i ,  6, 549-564, 1953), This method uses a mixture of  t h e  s a l t s  
N a C 1 ,  KC1 ,  and Na2S04 i n  a m o l a l  r a t i o  of 5:3:2 wi th  b r a i n  h e a r t  
b ro th .  
The incubat ion temperature used f o r  the  i s o l a t i o n  o f  salt 
t o l e r a n t  b a c t e r i a  w a s  25°C 
The r o t a t i n g  chamber i s  a jacketed aluminum drum 1 2  i n ,  i n  
diameter and 14 i n ,  long. A b a f f l e  system o f  aluminum screen 
material creates dus t  clouds with t h e  s o i l  as the  chamber rotates. 
The chamber i s  geared t o  a B o d i n e  e lec t r ic  motor, type NSH-WRL, 
w i th  a Bodine c o n t r o l l e r ,  type ASH-500/DC0 A t  present.,  t he re  i s  
a pyrex glass face p l a t e  a t  one end which w i l l  be  replaced witn 
a material  t h a t  t ransmi ts  u l t r a v i o l e t  l i g h r .  The chamber can 
be cooled e i t h e r  by passing a coolan t  through che jacker  o r  5:; 
plac ing  the  e n t i r e  chamber i n  a co ld  room. P a r t i a l  p ressures  
equal  t o  cu r ren t  es t imates  for t he  Martian ba-ometric pressare 
can be achieved wi th  the  chamber's present  design,  
capac i ty  i s  several pounds of s o i l ,  
The chamber's 
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111. RESULTS AND DISCUSSION 
Figure 1 shows the  e f f e c t s  of incubat ion temperatures and 
s a l t  concentrat ion on the  growth response of S. aureus,  Rapid 
growth of t he  organism occurred with an approximate 2- log fn- 
crease  i n  1 and 3 days respec t ive ly  wi th  the  cons tan t  35°C and 
d a i l y  freeze-thaw (16 hr  a t  -65°C and 8 h r  a t  30°C) incubat ion 
temperatures. Growth d id  not  occur i n  any of t he  o ther  exper i -  
mental environments. 
This i n d i c a t e s  both an aw and temperature e f f e c t ,  The aw 
e f f e c t  i s  apparent from growth no t  occurring a t  any incubat ion 
temperature when the  aw was lowered t o  0.81 t o  0.85 with 2% N a C 1 ,  
The temperature e f f e c t  i s  noticed when growth d id  not  occur wteh 
cons tan t  6°C and d a i l y  freeze-thaw (16 hr  a t  -65°C and 8 hr  a t  
6°C) incubat ion temperatures with a 0.99 awe 
The i n t e r a c t i o n  of t he  environmental parameters, barometric 
pressure ,  incubat ion temperature, and aw, on the  growth o f  
- S. aureus are shown i n  Table 1. The e f f e c t  o f  barometric pres- 
s u r e  i s  apparent from the  organism growing a t  25 mb but  no t  at 
15 mb wi th  a 0,81 t o  0.85  at^ and a d a i l y  freeze-thaw sf 16 h r  
a t  -65°C and 8 h r  a t  3OoC, The pressure e f f e c t  can be overcmne 
by inc reas ing  the  of t he  environment s ince  growth occurred 
wi th  0.99 aw a t  a l l  pressures  t e s t e d .  
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NO N a C i  ADDED 
M 8 HR. AT 35OC,  16 HR. A T  - 6 5 O C  
8 H R  AT 6 O C .  1 6 H R .  AT - 6 5 O C  
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2 % Na CI ADDED .--- 8 HR. AT 3 S o C ,  16 HR.  AT - 6 5 O C  
A0-4 8 HR. AT 6 O C ,  16 HR. A T  - 6 5 O C  
CONSTANT 3 5 O C  
O--*. CONSTANT 6OC 
0 I 3 7 
DAYS 
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THE EFFECT O F  N a C I  A N D  TEMPERATURE CONDITIONS 
ON THE SURVIVAL O F  STAPHYLOCOCCUS AUREUS IN A 
SIMULATED MARTIAN ENVIRONMENT.  
Table 1 
EFFECTS OF BAROMETRIC PRESSURE, INCUBATION TEMPERATURE 
AND ON THE GROWTH OF STAPHYLOCOCCUS AUREUS 
Growth A 
Barometric Daily Dai ly  Thaw, h r  
6°C W -30°C Pressure,  mb>k Freeze,  h r  -









20 4 - ., 81- 85 0 
16 8 - 81- 85 + 
16 8 - a 70- e 75 + 
16 8 - 0 99 + 
16 - 8 0 99 0 
16 8 - 81- 85 0 
20 4 - 0 99 + 
16 8 - 0 99 + 
20 4 - 0 99 + 
5 16 8 - 0 99 + 
9; 
Gaseous composition of atmosphere: 67% carbon dioxide,  30% 
n i t rogen ,  and 3% argon. 
Examples of the temperature e f f e c t  are present  i n  the  25 
and 15 mb groups, 
t o  0,85 aw when the  d a i l y  freeze-thaw cyc le  was 20 h r  a t  -65°C and 
4 h r  a t  30°C; but  growth d i d  occur when the  thaw period w a s  i n -  
c reased  t o  8 h r .  
shown i n  the  15 mb group. 
a d a i l y  thaw period of  8 h r  a t  30°C but  d i d  no t  occur when the  
thaw temperature was lowered to  6 O C .  The temperature effect  
A t  25 m b  - S. aureus d i d  no t  grow wi th  a 0 ,81  
Another example o f  t he  temperature e f f e c t  i s  
Growth occurred a t  t h i s  pressure  wi th  
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may be e i t h e r  of two forms: (1) when tlie maximum thaw t e m -  
pe ra tu re  i s  n o t  s u f f i c i e n t l y  high t o  p e r m i t  growth, and (2) 
when t h e  dura t ion  of  t he  thaw period i s  n o t  s u f f i c i e n t l y  long 
t o  permit growth. 
The aw e f f e c t  i s  apparent wi th  the  15 mb group, Growth 
occurred a t  0.99 aw but  n o t  0,81 t o  0.85 aw wi th  a d a i l y  16 h r  
f r eeze  and 8 hr  thaw cyc le .  
From the  da t a  presented i n  Table 1 the  ch ief  f a c t o r  con- 
t r o l l i n g  growth of & aureus i n  the  simulated Martian environ- 
ment i s  moisture s ince  the  organism i s  ab le  t o  grow a t  5 mb 
pressure  wi th  a 20-hr f reeze  and 4 hr  thaw cyc le  when t h e  aw 
i s  0 , 9 9 .  A s  t he  aw of the  environment i s  decreased both baro- 
metric pressure  and temperature e x e r t  a g r e a t e r  i n f luence  on 
growth, 
I n i t i a l  experiments a r e  being conducted i n  the  r o t a t i n g  
chamber wi th  1 l b  of a p ra i r i e - type  s o i l  sprayed wi th  a sus-  
pension of vege ta t ive  c e l l s  o f  B, cereus t o  give a concentra- 
t i o n  of 10 c e l l s / g .  These experiments a r e  being conducted a:, 
determine the  abras ive  e f f e c t  of the  s o i l  p a r t i c l e s  on the  
s u r v i v a l  of vege ta t ive  c e l l s .  Preliminary r e s u l t s  i n d i c a t e  
a 1- log decrease over the  f i r s t  24-hr w i th  no f u r t h e r  redue- 
t i o n  i n  numbers of v i a b l e  ce l l s .  Confirmation of  these  r e s u l r s  
and f u r t h e r  experiments w i t h  spore suspensions of cereus 
and other b a c t e r i a l  genera w i l l  be requi red  t o  determine the 
6 
abras ive  e f f e c t .  
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IV. SUMMARY 
Available moisture (aw) is  the major f a c t o r  conero l l ing  
growth o f  S, aureus i n  a simulated Martian environment, A s  
the  aw of t h e  environment approaches t h e  l i m i t i n g  value fo r  
growth o f  an organism barometric p re s su re  and temperature 
become increas ingly  important f a c t o r s  con t r o l l i n g  growth 
Unconfirmed, i n i t i a l  experiments i n v e s t i g a t i n g  the  abras ive  
effect  of  s o i l  p a r t i c l e s  on the  su rv iva l  of b a c t e r i a  i n d i c a t e  
t h a t ,  i n i t i a l l y ,  t he re  i s  a p o s i t i v e  e f f e c t  exer ted and t h e  
v i a b l e  c e l l  population decreases during the  f i r s t  24 hr  wi th  
no f u r t h e r  reduct ion 
I s o l a t i o n  of s a l t  t o l e ran t  b a c t e r i a  from s o i l  w a s  s t a r t e d ,  
The s a l t  t o l e r a n t  i s o l a t e s  are  being screened f o r  t h e i r  a b i l i t y  
t o  grow in  so lu t ions  wi th  0.96, 0 , 9 0 ,  and 0,86 aw. 
Q ,  PERSONNEL AND RECORDS 
The experiments were planned wi th  the  counsel of Dr, E ,  J, 
Hawrylewicz and the technical  a s s i s t a n c e  of Mr, B o  Anderson 
and Mrs, M, Cephus. 
Experimental d a t a  a r e  recorded i n  I I T R I  Logbooks C18169, 
C18459, C18586, and C18591, 
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